Introduction {#Sec1}
============

Measuring triboson final states at the Large Hadron Collider (LHC) \[[@CR1]\] provides a test of the non-Abelian structure of the electroweak sector of the Standard Model (SM) of particle physics that predicts quartic gauge couplings. Deviations from the SM can be parametrised in the framework of anomalous quartic gauge couplings (aQGCs). This paper describes a measurement of $\documentclass[12pt]{minimal}
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                \begin{document}$$WV \gamma $$\end{document}$ events was studied by the CMS Collaboration in Ref. \[[@CR4]\] in final states containing electrons or muons and jets, and using a data set with a similar luminosity and the same centre-of-mass energy as employed here. Other analyses with three bosons in the final state and also sensitive to quartic gauge couplings have been performed by the ATLAS and the CMS collaborations \[[@CR5]--[@CR8]\]. Furthermore, exclusion limits on new physics beyond the SM described by aQGCs have also been set at the LHC using diboson final states including photons \[[@CR9]--[@CR11]\] and in diboson final states including massive gauge bosons only \[[@CR12]--[@CR17]\].
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Two fiducial regions are defined for all final states: one is optimised for the observation of the process while the other is optimised for a search for new physics beyond the SM. The results obtained in the latter region are interpreted in the context of aQGCs that describe modified triboson production using an effective field theory \[[@CR18]\].

This paper is structured as follows. The ATLAS detector and the data employed in this analysis are described in Sect. [2](#Sec2){ref-type="sec"}. Section [3](#Sec3){ref-type="sec"} details the Monte Carlo simulations used. The reconstruction of the detector information is outlined in Sect. [4](#Sec4){ref-type="sec"}. The analysis of the fully leptonic final state is described in Sect. [5](#Sec5){ref-type="sec"} followed by the description of the semileptonic analysis in Sect. [6](#Sec6){ref-type="sec"}. In Sect. [7](#Sec7){ref-type="sec"} the fiducial region of the cross-section measurement is defined and the determination of the production cross-section in the $\documentclass[12pt]{minimal}
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                \begin{document}$$WV \gamma $$\end{document}$ production at the LHC. In **a** the quartic vertex is shown, while **b**, **c** depict the production from radiative processes

ATLAS detector and data sample {#Sec2}
==============================

The ATLAS experiment \[[@CR2]\] at the LHC is a multipurpose particle detector with a forward-backward symmetric cylindrical geometry and a near $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | = 4.9$$\end{document}$. The muon spectrometer encompasses the calorimeters and includes a system of precision tracking chambers as well as fast detectors for triggering. It comprises three large air-core toroidal superconducting magnets with eight coils each. The field integral of the toroids ranges between 2.0 and 6.0 Tm across most of the detector. A three-level trigger system is used to select events for read-out and storage. The first-level trigger is implemented in hardware and uses a subset of the detector information to reduce the accepted rate to 75 KHz. This is followed by two software-based trigger levels that together reduce the accepted event rate to 400 Hz on average.

This analysis uses data recorded at a centre-of-mass energy of $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} > 500\,\text {MeV}$$\end{document}$ associated with the primary vertex are considered for analysis. The primary vertex is defined as the vertex whose associated tracks have the largest sum of squared transverse momenta. Furthermore, events are discarded if they contain jets that are likely to be mismeasured.

Dedicated triggers are used for each final state. The events of the fully leptonic analysis are triggered by requiring three particles in the event: a muon with a transverse momentum ($\documentclass[12pt]{minimal}
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Monte Carlo simulations {#Sec3}
=======================

The expected signal and background events were simulated with Monte Carlo (MC) event generators. The simulations were used to optimise the selection criteria, to compute efficiencies, and to estimate the contributions of specific background processes. For the simulation of the MC samples, the ATLAS simulation infrastructure \[[@CR22]\], which uses the GEANT4 toolkit \[[@CR23]\] for the detector simulation, was employed. All simulations described in this section were computed at leading order (LO) in the perturbative expansion of the strong-coupling constant ($\documentclass[12pt]{minimal}
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                \begin{document}$$WV \gamma $$\end{document}$ signal process was simulated with the MC event generator SHERPA 2.1.1 \[[@CR24]--[@CR27]\] with up to one additional parton in the matrix element, using the default tunes. The CT10NLO \[[@CR28]\] set of parton distribution functions (PDF) was used. These signal predictions were normalised using the cross-sections of the fiducial regions introduced in Sect. [7](#Sec7){ref-type="sec"}, computed at next-to-leading order (NLO) in $\documentclass[12pt]{minimal}
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                \begin{document}$$WV \gamma $$\end{document}$ signal process was also simulated using the MadGraph 5.2.2.2 \[[@CR34]\] event generator with dynamical renormalisation and factorisation scales. It was interfaced to the PYTHIA 6.427 \[[@CR35]\] program for the hadronisation and underlying event simulation with the Perugia 2012 \[[@CR36]\] tune and used the CTEQ6L1 \[[@CR37]\] PDF set. In addition, five reference samples modelling anomalous quartic gauge couplings were simulated for each studied final state, using the MadGraph event generator as described above and normalised using the corresponding cross-section predictions obtained at NLO with the VBFNLO program.
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                \begin{document}$$Z\gamma $$\end{document}$ diboson production were simulated with up to three additional partons in the final state using the SHERPA event generator (versions 1.4.1, 1.4.5, and 1.4.1 with the default tunes respectively) with the CT10NLO PDF set. Top quark pair production in association with a photon ($\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\gamma $$\end{document}$) was generated with the MadGraph 5.2.1.0 event generator using the CTEQ6L1 PDF set and interfaced to PYTHIA 8.183 \[[@CR38]\] for the simulation of the hadronisation and the underlying event using the AUET2B \[[@CR39]\] tune. The cross-section was normalised using the computations of Ref. \[[@CR40]\] which were performed at NLO in $\documentclass[12pt]{minimal}
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Contributions from additional proton--proton collisions accompanying the hard-scatter interaction, termed pile-up, were simulated using the PYTHIA 8.160 event generator. The resulting distribution of the mean number of interactions per bunch crossing was corrected to reproduce the distribution measured in data. The level of agreement between simulated and recorded data was further improved by correcting the simulated vertex distribution, object trigger and identification efficiencies, resolution and calibration to agree with the measured values \[[@CR50]--[@CR52]\].

Event reconstruction {#Sec4}
====================
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                \begin{document}$$\Delta R = 0.3$$\end{document}$ around the electron is required to be less than 14% of the transverse energy of the electron after the pile-up energy is subtracted as for the photons. Furthermore, a track-based isolation requirement is imposed: the sum of the transverse momenta of the additional tracks in the aforementioned cone is required to be less than 7% of the transverse energy of the electron itself. In addition, the semileptonic analysis requires the electron track to be consistent with coming from the primary vertex.

Muon candidates are reconstructed within $\documentclass[12pt]{minimal}
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The possible overlap between the object candidates is removed by applying the following requirements sequentially. Any electron that lies within a cone of size $\documentclass[12pt]{minimal}
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The missing transverse momentum vector ($\documentclass[12pt]{minimal}
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The missing transverse momentum is employed for the definition of the selection criteria of the semileptonic analysis described in Sect. [6](#Sec6){ref-type="sec"}. In the fully leptonic analysis, described in Sect. [5](#Sec5){ref-type="sec"}, the relative missing transverse momentum ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T,\,rel}}^{\text {miss}}$$\end{document}$) is used as this improves the signal significance. Its definition is based on the absolute azimuthal separation ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \phi $$\end{document}$) of the object closest to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\vec {p}_{\text {T}}^{\text {\,miss}} $$\end{document}$:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ E_{\text {T,\,rel}}^{\text {miss}} = {\left\{ \begin{array}{ll} E_{\text {T}}^{\text {miss}} \times \sin (\Delta \phi ),&\, \text {if } \Delta \phi (\vec {p}_{\text {T}}^{\text {\,miss}},\text {closest object}) < \frac{\pi }{2}, \\ E_{\text {T}}^{\text {miss}},& \,\text {otherwise}. \end{array}\right. } $$\end{document}$$The transverse mass ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\text {T}}$$\end{document}$) is defined using $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$, the transverse momentum ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}}^{\ell }$$\end{document}$) of the most energetic lepton in the event and the absolute angular difference between $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\vec {p}_{\text {T}}^{\text {\,miss}}$$\end{document}$ and this lepton ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \phi (\vec {p}_{\text {T}}^{\text {\,miss}}, \ell )$$\end{document}$):$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} m_{\text {T}} = \sqrt{2 p_{\text {T}}^{\ell } E_{\text {T}}^{\text {miss}} [1- \cos (\Delta \phi (\vec {p}_{\text {T}}^{\text {\,miss}}, \ell ))]}. \end{aligned}$$\end{document}$$

Analysis of fully leptonic final states {#Sec5}
=======================================
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The event selection for the fully leptonic analysis requires the presence of exactly one electron and one muon with opposite electric charge, each with a transverse momentum of at least 20 $\documentclass[12pt]{minimal}
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Several processes are backgrounds to the fully leptonic $\documentclass[12pt]{minimal}
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Events containing misidentified objects also constitute an important source of background. The background from *WZ* production where an electron is reconstructed as a photon (fake $\documentclass[12pt]{minimal}
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As region A is common to the two fake-object categories, the estimation of the fake $\documentclass[12pt]{minimal}
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Apart from providing the contribution of fake $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\gamma $$\end{document}$ and fake *e* from jets in the signal region, the likelihood function also yields the most likely value of the number of signal events in the signal region: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N^{e\nu \mu \nu \gamma }_{\text {obs}} = 9.4 \pm 6.2$$\end{document}$. This value is consistent with the difference between the number of observed events and the total background prediction given in Table [1](#Tab1){ref-type="table"}. The former is used for the determination of the fiducial cross-section in Sect. [7](#Sec7){ref-type="sec"}. Several sources of systematic uncertainty are taken into account. Varying the correlation factor $\documentclass[12pt]{minimal}
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Figure [3](#Fig3){ref-type="fig"} shows the transverse energy distribution of the photon with the highest $\documentclass[12pt]{minimal}
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                \begin{document}$$E_{\text {T}}$$\end{document}$ in the signal region. The data are shown together with the expected signal from the MC prediction and the results from the background estimation. Also shown is the predicted event yield for a reference point in the parameter space of aQGCs discussed in Sect. [8](#Sec10){ref-type="sec"}. The lower panel of the figure shows the ratio of the number of observed events to the sum of the expected signal and background events.

Analysis of semileptonic final states {#Sec6}
=====================================
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The background processes of the semileptonic analysis are listed in Table [2](#Tab2){ref-type="table"}. The dominant contribution arises from $\documentclass[12pt]{minimal}
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                \begin{document}$$WV \gamma \rightarrow \tau \nu jj \gamma $$\end{document}$) processes, is estimated using MC simulation. The uncertainties in these background contributions given in Table [2](#Tab2){ref-type="table"} solely include statistical uncertainties and the uncertainties of the theoretical prediction, that are of the same size. The relative uncertainties of the theoretical predictions range from 4 to 22% \[[@CR6], [@CR40]\]; the uncertainties associated with the computation of the $\documentclass[12pt]{minimal}
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Events containing misidentified objects constitute an important source of background in this analysis as well. When electrons are misidentified as photons (fake $\documentclass[12pt]{minimal}
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A simultaneous fit is used to estimate the background contributions from $\documentclass[12pt]{minimal}
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The extended likelihood fits employ shape templates for the $\documentclass[12pt]{minimal}
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Figure [4](#Fig4){ref-type="fig"} shows the results of the simultaneous fit, in the upper panel for the electron channel and in the lower panel for the muon channel. In Fig. [4](#Fig4){ref-type="fig"}a, c the resulting $\documentclass[12pt]{minimal}
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The uncertainty in the total number of background events has several sources. The uncertainty associated with the shape templates is estimated by performing 10,000 pseudo experiments that use alternative shape templates obtained from sampling the nominal ones bin-wise using a Gaussian distribution. The width of the Gaussian distribution corresponds to the statistical uncertainty of the shape templates determined from data, or to the statistical uncertainty of the MC simulation and the uncertainties from the theoretical calculation if they are determined from simulation. The shape templates are varied simultaneously and yield an uncertainty in the total background of 5% (4%) in the electron (muon) channel. The experimental uncertainties are the uncertainties due to reconstruction and identification efficiencies of the objects \[[@CR50], [@CR52], [@CR54], [@CR74], [@CR75]\] including energy scale and energy resolution uncertainties \[[@CR52], [@CR55], [@CR60], [@CR67], [@CR68]\] as well as uncertainties arising from the simulation of the event pile-up \[[@CR61]\]. These uncertainties are estimated for all background components simultaneously and amount to a total of 4 (3%) in the electron (muon) channel. They are dominated by the uncertainty in the jet energy scale. The uncertainty related to the choice of fit boundaries for the extended maximum-likelihood fits is estimated by varying these boundaries. The lower $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{jj}$$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$) boundary is set to 25 (15 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$) and the upper boundary is set to 490 or 520 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$ (285 or 315 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$) independently. The uncertainty introduced by the choice of binning for the distributions used for the extended maximum-likelihood fits is estimated by varying the bin sizes by a factor of two. The uncertainty due to the possible correlation of the selection criteria defining the sideband regions of the 2D sideband method is estimated by changing the value of the correlation factor $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\rho $$\end{document}$ from one by its uncertainty $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \rho _{e\nu jj \gamma }^{MC} = \pm \ 0.38$$\end{document}$ ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta \rho _{\mu \nu jj \gamma }^{MC} = \pm \ 0.23$$\end{document}$) as extracted from the MC simulation expectation. The uncertainty associated with any of these fit parameter variations is less than 1% in each channel of the analysis. The statistical uncertainty in the expected total number of background events corresponds to 2.6 (2.5%) in the electron (muon) channel.Fig. 5Observed and expected transverse energy distributions of the photon with the highest $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}$$\end{document}$ in the signal region in the **a** electron and **b** muon channels of the semileptonic analysis. The data are shown together with the predicted signal and backgrounds. Also indicated is the expected event yield for a reference model describing aQGCs with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_{T,0}/\Lambda ^{4} = 1374\,\text {TeV}^{-4}$$\end{document}$ (see Sect. [8](#Sec10){ref-type="sec"}). The last bin of each figure contains all overflow events. The lower panels show the ratio of the observed number of events to the sum of expected signal and background events as well as the corresponding uncertainties

Figure [5](#Fig5){ref-type="fig"} shows the transverse energy distributions of the photon with the highest $\documentclass[12pt]{minimal}
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Production cross-section {#Sec7}
========================
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                \begin{document}$$WV \gamma $$\end{document}$ production is determined in fiducial regions close to the signal regions defined in Sects. [5](#Sec5){ref-type="sec"} and [6](#Sec6){ref-type="sec"}. While the signal region definition is based on reconstructed objects, the definition of the fiducial region is based on particle-level MC generator information. The latter corresponds to the MC simulation including the parton shower, hadronisation and underlying event, as opposed to the parton level, which does not account for these effects and solely includes the hard-scattering process of the event.

At particle level, jets are reconstructed from all stable particles (traveling at least 10 mm before decaying) in the final state, except for muons and neutrinos, using the anti-$\documentclass[12pt]{minimal}
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The selection criteria defining the fiducial region are summarised in Table [3](#Tab3){ref-type="table"}. They differ from the criteria defining the signal region only for the requirements on the pseudorapidity range and the isolation of the objects. Leptons are required to fulfil $\documentclass[12pt]{minimal}
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Cross-section predictions {#Sec8}
-------------------------

The cross-section predictions are computed at NLO in $\documentclass[12pt]{minimal}
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Cross-section determination {#Sec9}
---------------------------

The observed production cross-section is determined from the number of signal events in the signal region, $\documentclass[12pt]{minimal}
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For the fully leptonic analysis, the fiducial cross-section computed using $\documentclass[12pt]{minimal}
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Upper limits on the production cross-sections are computed for the $\documentclass[12pt]{minimal}
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Search for new physics beyond the Standard Model {#Sec10}
================================================

In addition to the results derived in the previous chapter, exclusion limits on the production cross-section and conficence intervals on aQGCs are derived in a fiducial region optimised for a search for new physics beyond the SM. This fiducial region differs from the fiducial region defined in Sect. [7](#Sec7){ref-type="sec"} by an increased photon $\documentclass[12pt]{minimal}
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The aQGCs are introduced by extending the SM Lagrangian density function ($\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam line. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upwards. Cylindrical coordinates $\documentclass[12pt]{minimal}
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